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Abstract

Thi s paper estimates |ong-run demand functions for production
wor kers, production worker hours, and nonproduction workers using
mcro data fromU. S. establishnent surveys. The paper focuses on
estimation of the wage and output elasticities of |abor denmand
using data on over 41,000 U S. manufacturing plants in 1975 and
nore than 30,000 plants in 1981. Particular attention is focused
on the problens of unobserved producer heterogeneity and
measurenent errors in output that can affect |abor demand esti mates
based on establishnent survey data. The enpirical results revea
that OLS estimates of both the own-price elasticity and the out put
el asticity of I|abor demand are biased downward as a result of
unobserved heterogeneity. D fferencing the data as a solution to
this problem greatly exaggerates nmeasurenment error in the output
coefficients. The use of capital stocks as instrunental variables
to correct for nmeasurenent error in output significantly alters
output elasticities in the expected direction but has no systematic
effect on own-price elasticities. Al of these patterns are found
in estimates that pool establishnment data across industries and in
i ndustry-specific regressions for the vast mgjority of industries.
Estimates of the output elasticity of |abor demand indicate that
there are slight increasing returns for production workers and
production hours, with a pooled data estimate of .92. The estinmate
for nonproduction workers in .98. The variation in the output
el asticities across industries is fairly small. Estimtes of the
own-price elasticity vary nore substantially with the year, type of
di fferencing used, and industry. They average -.50 for production
hours, -.41 for production workers, and -.44 for nonproduction
workers. The price elasticities vary w dely across manufacturing
industries: the interquartile range for the industry estimates is
approxi mately . 40.
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I nt roduction

In the last few years mcro data sets derived from Census
est abl i shnment surveys have proven valuable in analyzing severa
topics in |labor demand.! However, as denonstrated in the recent
synthesis of the literature by Dan Hanernesh (1993), know edge of
t he magni tude of the basic | abor denmand paraneters is still largely
derived from studi es usi ng househol d surveys or aggregate producer
data. The main goal of this paper is to provide a set of estimates
of long-run demand functions for production workers, production
wor ker hours, and nonproduction workers based on mcro data from
U. S. establishnent surveys. The paper focuses on estinmation of the
wage and output elasticities of |abor demand using data on over
41,000 U.S. manufacturing plants in 1975 and nore than 30,000
plants in 1981.

Wil e very valuable in nodeling the structure of production,
in general, and | abor demand, in particular, firmor establishnment
survey data raise a set of unique enpirical issues including survey
coverage, data inputation, and biases arising from unobserved

het erogeneity and neasurenent errors.? The second goal of this

! These include: the gross enploynment flows resulting from producer
turnover (Dunne, Roberts, and Sanuel son (1989a), and Davis and Hal ti wanger (1990,
1992)), the duration of enployment positions (Dunne and Roberts (1991)), the
substitution of |abor and nonl abor inputs (Giliches and Ringstad (1971), Sosin
and Fairchild (1984), Miresse and Dornont (1985), Kokkel enberg and Nguyen (1989)
anong others), and the effect of unions on the | evel of enploynent (Bl anchfl ower,
M I ward, and Oswald (1991), Leonard (1991)). Al of these studies utilize plant
or firmsurveys as their data source

2 Each of these problens has been discussed in the applied econonetrics

l[iterature but they have not been treated systematically in nmany studi es using
establishment data. Giiliches (1986) reviews all of these issues, as well as
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paper is to identify the preval ence of several comobn econonetric
problenms that arise when using establishnent survey data and
exam ne their inplications for | abor demand esti nmates.

In order to study these issues we apply a sinple enpirica
nmodel to plant-level data for a large nunber of industries and
exam ne the results for consistency across industries and tine.
The enpirical results reveal that OLS estimates of both the own-
price elasticity and the output elasticity of |abor demand are
bi ased downward as a result of unobserved heterogeneity.
Differencing the data as a solution to this problem greatly
exaggerates neasurenent error in the output coefficients. The use
of capital stocks as instrunental variables to correct for
measur enent error in output significantly alters output
elasticities in the expected direction but has no systenmatic effect
on own-price elasticities. All of these patterns are found in
estimates that pool establishnment data across industries and in
i ndustry-specific regressions for the vast nmgjority of industries.

The final estinmates of the output elasticity of |abor demand
indicate that there are slight increasing returns for production
wor kers and production hours, with a pooled data estimate of .92.
A pooled estimate of the output elasticity for nonproduction
workers is .98, These estimates are nuch closer to constant

returns to scale than are typically found in |abor demand studies

several neasurenent issues relevant to census establishnment data.
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using sectoral or aggregate tine series data or in studies using
m crodata that ignore heterogeneity and output neasurenent error
i ssues. Across three-digit industries the estinmates do not vary
widely as indicated by an interquartile range of approxi mately .14
for all three types of |abor input.

The pooled data estimates of the own-price elasticity vary

nmore substantially wth the year or type of differencing used

They average -.50 for production hours, -.41 for production
workers, and -.44 for nonproduction workers. The price
elasticities vary widely across manufacturing industries: t he

interquartile range for the industry estinmates is approxi mately
.40. Wile the pooled data estinates are simlar to those reported

in other enpirical studies, the anount of inter-industry variation

i ndi cates that wage changes will lead to very different enpl oynent
adj ustnents anong the manufacturing industries. The remai nder
of the paper is organized as follows. Section Il outlines an

enpirical nodel of a plant's |ong-run demand for production and
nonproducti on workers. Section |1l describes the source of data
and the construction of the variables used in the study. Section
| V di scusses the econonetric specification. The enpirical results
are contained in Section V and Section VI concl udes.
1. An Enpirical Mdel of the Plant's Long-Run Demand for Labor
In the | ast decade estination of flexible cost or production
functions and systens of factor denmands, has been a w del y-used
met hodol ogy, particularly for studies using aggregate or sectoral
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time-series data.® As detailed by Giliches (1986), novenent to
mcro data results in an increase in the inportance of omtted
vari abl es and nmeasurenent error problens. |In order to explore the
i nportance of these problens in the U S. Census establishnent data
our enpirical framework deviates from the recent trends in
production nodeling and relies on sinple functional forns and
single factor demand equations. Following Giliches and R ngstad
(1971), Mairesse and Dornont (1985), Mairesse (1990), and Tybout
and West brook (1992, forthcom ng) we place greater enphasis on the
likely sources of error arising in the mcro-data and their
i nplications for production estimates.

To devel op the enpirical nodel we assune that each plant has
a production function in which production |abor, nonproduction
| abor, capital, and electricity are conbined into "value added"
output that is separable from other material inputs.* The plant
faces exogenous prices of each of these four inputs and, at the
start of each year, chooses themto mnimze the cost of producing
a planned |evel of value added output. This cost mnimzation
problemleads to a conditional |abor demand function in which the

plant's enploynent is expressed as a function of the prices of the

® See Hamernmesh (1986, 1993) for a analysis of the enpirical nodels used
in |labor denmand studies and Jorgenson (1988) for an overview of flexible-form
producti on and cost nodel s.

* W include electricity along with capital and |abor in the "val ue- added"

functi on because we have good data on plant-level electricity prices and can
allow for plant-level substitution between electricity and | abor inputs.
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variabl e inputs and planned output. The demand for | abor by plant

i in year t is:

(1) In L, =% +$ InW, + $ InWN, + $, I nd, + $, DV,

+ %% $ DACE,, + $: InPE, + O,
The plant's demand for |abor is expressed as a function of the | og
of the wages of production and nonproducti on workers, WP and WN
respectively, the log of planned value added output @, a dumy
variable for plant ownership DM a set of dummy variables for plant
age categories DACE,...DACE;, and the price of electricity PE faced
by the plant. As is generally the case with establishnment data, we
do not have information on plant-|level capital service prices. The
ownership dumry is included as a proxy for the price of capital,
allowng it to differ for plants owned by single and nulti-plant
firms.® The age dummies are included as proxies for possible
differences in the vintage of the plant's capital stock, for
differences in plant efficiency, or for differences in the tenure

and experience of the plant's workforce.®

® In the econonmetric section we will apply an estimtor that can contro

for omtted variables that are comon to all plants owned by the same firm To
the extent that cross-section variation in the capital service price results from
firmlevel differences in the opportunity cost of funds, this estinmator wll
control for the omtted capital price

® The nodel of plant heterogeneity and market selection devel oped by
Jovanovi ¢ (1982) predicts that nore efficient plants will tend to survive | onger.
In the cross-section plant age thus provides a useful control for unobserved
efficiency differences as well as capital vintage effects.

5



The | abor demand equation is estinmated separately for three
different types of |abor input: the nunber of production workers,

total production worker hours, and the nunber of nonproduction

wor kers. Equation (1) will first be estimated by pooling over
plants in all industries, and including dumry variables to control
for industry fixed effects. W then estimate equation (1)

separately for each three-digit SIC nmanufacturing industry in order
to study the variability in wage and output elasticities across
i ndustri es.

The appropriate estimtor for equation (1) depends upon the
sources of the random shocks O,. In the fifth section of this
paper we discuss the likely sources of error in the establishnment
data and the estimators that are appropriate under different

condi ti ons.

I11. Establishnent Data
A. Description of the Data Sanples: The data used in this paper

are for the individual establishnments in the U'S. Annual Survey of

Manuf acturing (ASM for the years 1975 and 1981. The ASM is a

yearly survey conducted by the Census Bureau which covered
approximately 71,000 plants in 1975 and 55,000 plants in 1981. The
survey does include small nmanufacturing establishnments and provi des
good cross-sectional variation in plant enploynent |evels. In
addition, plants in the two cross-sections have been matched over
time so that changes in plant enploynent can be exam ned. There
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are two reasons for using the 1975 and 1981 sanpl es. First, in
these two years the ASM questionnaire asked for the initial year of
pl ant operation and this allows us to control for plant age when
estimating | abor demand equations. Second, we were best able to
identify and elimnate plant's with inputed data in these two
years. ’

The | abor denmand equations are estinated separately for three-
digit manufacturing industries and the dispersion in coefficients
across industries is exam ned below. Sone three-digit industries
have relatively few plants in the ASM and estimates for these
industries are likely to be noisy because of the small sanple
sizes. To elimnate coefficient variation due to industries wth
few plants we |imt our data set to those plants operating in
three-digit industries with at | east 100 plants. The final cross-
sectional data sets we use contain 41,576 plants in 1975 and 30, 176
plants in 1981. These plants cover 105 three-digit industries in
1975 and 90 industries in 1981 and account for 58.5 and 48.2
percent of total manufacturing enploynment in 1975 and 1981,

respectively.

“In its processing of the ASM the Census Bureau inputes the val ues of
several enploynment and output variables for plants that fail to answer the
questionnaire conpletely, or fail to returnit. These inputed values are often
impossible to identify in the data sets. The starting year of operation is one
variable that is never inputed and so, by elimnating plants that do not report
this infornation, we are able to elimnate virtually all plants for whomthe key
enpl oyment, payroll, or output variables we use are inputed. The overall
response rate to this question was 71.8 percent in 1975 and 67.2 percent in 1981.
Additionally, we also renmove from the sample a small set of plants that are
extreme outliers.



In addition to these two annual cross-section data sets, we
utilize three subsets of the data to control for unobserved plant
and firmlevel heterogeneity. The first subset contains only those
pl ants that appear in both 1975 and 1981 and is used to exam ne the
change in plant enploynment as one way to control for unobserved
plant effects. This elimnates all plants that opened after 1975,
failed between 1975 and 1981, or continued in operation but were
rotated out of the ASM survey group between the two years. Because
of the way in which the Census Bureau sel ects the ASM survey group,
this rotation will tend to elimnate the smaller plants in the
sanple.® There are a total of 16,893 plants that we observe in
operation in both years and this group is nore heavily skewed
toward | arge plants than either of the separate cross-sectional ASM
surveys. This last point is illustrated in Table 1 which reports
the mean and standard deviation of the |log of production hours,
producti on workers, and nonproduction workers for each of the data
sets. The group of plants used in the tinme-difference regressions
are sunmari zed in the mddle panel of the table, and it can be seen
that they are larger on average and with | ess size dispersion than

the cross-section sanples sumarized in the top panel.?®

8 This occurs because smaller plants in an ASM panel are intentionally
repl aced when a new panel is selected in order to reduce the reporting burden on
them The two years we use are drawn fromtwo different ASM panel s, one covering
1974- 1979 and the other covering 1980-1985.

® Issues of selection bias arising fromthe plant's decision to exit becone
i mportant when using tine series data on individual producers. dley and Pakes
(1992) develop a theoretical and enpirical nodel that recognizes that exit
deci sions may be based upon unobserved productivity differences across producers.
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The final two subsets of data are used to control for
unobserved firmeffects in the | abor demand equati ons by exam ni ng

the within-firmvariation in plant enploynent. |In each of the two

yearly cross-sections we identify all firnms that own two or nore
plants in a year. The subsets, one for 1975 and one for 1981,
include the plants owned by the multi-plant firns in that year.
Overall, the 1975 firm data set contains 32,492 plants owned by
4162 different firnms and the 1981 data set contains 19,269 plants
owned by 2800 firnmns. There is one inportant difference in the
selection criteria used in the 1975 and 1981 ASMs. |In both years
plants were selected into the sanple in proportion to their size.
In 1975 for each plant that was selected for inclusion the Census
Bureau al so surveyed all other manufacturing plants owned by the
same firm As a result there is conplete firmcoverage for each
plant in the sanple. [In 1981 conplete firm coverage was dropped.
The main inplication of this change is that the 1981 subset
contains fewer observations because there are fewer firns with two
or nmore plants covered by the ASM Despite the drop in sanple
size, these data sets have a nean size and | evel of dispersion that
is very simlar to the conplete cross-section data sets, as can be

seen fromthe | ast panel in Table 1.

They find that liniting their analysis to a bal anced panel of surviving plants
results in selection bias in production function coefficients. An inportant
factor that nmitigates selection bias problens in the tinme-differenced data set
in this study is that nuch of the sanple attrition does not result from an
endogenous exit decision by the plants, but rather results from a Census
selection rule that is uncorrelated with the error termin the individual plant's
| abor demand equati on.



B. Description of the Variables: The variables of primary
inportance to this study are the level of enploynent and the
plant's expenditure on | abor for both producti on and nonproducti on
wor kers. The | abor input for production workers is defined using
both the nunber of hours worked and the nunber of enployees. The
correspondi ng prices of production | abor are defined as the average
hourly wage and the average annual salary of production workers in
the plant. Separate demand functions wll be estimted for
producti on worker enpl oynent and hours. For nonproduction workers,
only annual enploynent |evels and annual salaries are collected in
the ASM so the demand for nonproduction workers wll always be
estimted as the demand for workers, not hours.

Qutput is defined as the plant's val ue-added and neasured as
the total value of shipnents plus changes in inventories mnus
expenditure on materials and energy (other than electricity).
Price deflators for the value of shipnents and nateria
expenditures are only available at the four-digit SIC |evel.

Rat her than deflating shipnments and material expenditures to

1 The neasured wage for production and nonproduction workers does not
i ncl ude the nonwage costs associated with labor for two reasons. First, the
census only collects data on the total nonwage costs in the plant and does not
di saggregate these costs for production and nonproduction workers. Any attenpt
to construct separate nonwage costs for production and nonproducti on workers in
the plant is a guess. Second, nonwage costs are a poorly reported variable in
the census data. As a result many of the plants have this variable inputed and
we felt that it was inappropriate to include it in the neasurement of |abor cost.
Hamer mesh (1983) finds that the use of broader neasures of |abor cost results in
an increase in the (absolute value) of the estimted wage elasticities. Using
m cro data on Col onbi an manufacturing plants, Roberts and Skoufias (1992) find
that inclusion of nonwage paynents generally |lowers estimted wage el asticies
al though this pattern does not characterize all industries.
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construct real value added we include four-digit industry dumry
variables in all regressions. Since the output variable is
measured in logs this is equivalent to using the four-digit
i ndustry price deflators. The ownership type of the plant can be
measured within each of the separate cross-sections and is a dumy
vari abl e equal to one for plants owned by nulti-plant firns.' The
capital stocks of equi pnment and structures are used as instrunental
variables in the estimating nodel. Both variables are neasured as
the book value of the plant's capital in that category at the

begi nni ng of the year.

| V. Econonetric Specification

A recurring thene in studies wusing U 'S nmanufacturing
establishnment-level data is the enornous variation in plant size
and its persistence over tine, even wthin narrow y-defined
industries. Wile sonme of these differences can be attributed to
factors that are frequently neasured in establishnment surveys, such
as input prices, ownership structure, and plant age, and are
i ncl uded as observable characteristics in equation (1), there is
also a substantial role for factors that these surveys do not

record. This unobserved heterogeneity can arise at the plant

M Virtually all studies using the U 'S. Census establishnent data have
found that it is inportant to distinguish plants owned by nulti-plant firns from
those owned by single-plant firnms. See Dunne, Roberts, and Samuel son (1989b) and
Davi s and Hal ti wanger (1992) for exanples. |In this case, the enploynent |evel
in single-unit plants will generally include nmanagerial or central office staff
that may be located in a separate facility for multi-unit plants.
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level, as a result of differences in organization, vintage of
capi tal equipnment, extent of unionization, or quality of output
produced. It can also arise at the firm |evel because of
differences in capital prices, firmlevel inputs such as R and D
and the anount or quality of managenent inputs.

Many of these factors differ across plants and firns and, if
recogni zed by the plant managers when nmaki ng producti on deci sions,
can lead to permanent observable differences in plant output,
enpl oynent, and wages. Failure to recognize this can lead to a
simultaneity bias in the estimted |abor demand equations using
establ i shnent data.!® Since many of these factors change slowy
over time, if at all, it is reasonable to treat them as tine-
invariant, plant- or firmspecific effects when specifying the
econonetric nodel. Plant-specific, or firmspecific, effects can
also arise fromdifferences in the quality of |abor across plants.
Because we neasure only the nunber of workers or hours and cannot
control for the occupation, education, or skill mx of the workers
we will systematically underestimate the quantity of Ilabor in
plants with high-quality workers. Simlarly, because we neasure
the wage rate as the plant's expenditure on | abor divided by the
quantity of labor, we will systematically overestimte the wage for

plant's wth high-quality workers. These two neasurenent errors

2 This point has been well-discussed in the literature. Tybout and
West brook (1992) provide a wuseful summary of the effect of unobserved
het erogeneity on scal e estimates using both production function and cost function
or factor demand nodels.
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will result in a negative bias in the own-wage elasticities. In
this paper we will treat these | abor quality differences as tine-
invariant plant or firmeffects.®®

The second source of error in the |abor demand equations
arises fromyear-to-year fluctuations in establishnent output as a
result of unobserved demand shocks, equi pnent breakdowns, strikes,
i nput shortages, and reporting errors. |If the plant's enpl oynent
does not respond to these random occurrences the observed out put of
the plant may be a poor neasure of the pernmanent or |ong-run out put
| evel on which the plant's enpl oynent decisions are based. This
source of variation is identical to an errors-in-variables problem
i n output. Denote the plant's planned or pernmanent output d,.
Assunme <, Is a zero nean, constant variance neasurenent error that
is uncorrelated with the log of the plant's planned output, |InQ,.
The observed output of the plant, that is used as the regressor in
equation (1), can be witten as InQ, = In@g, + <,. I n general
this problemw || bias the output coefficient toward zero in the
| abor demand equation, and the solution is to construct an
instrunental variable that is correlated with the plant's permanent

out put but uncorrelated wth the random fluctuations to out put.

B 1f plants respond to demand fluctuations by altering the mx of skill
groups or occupations within the plant, then average | abor quality in the plant
is also likely to vary over tine. There is no information in census
establ i shnment data that can be used to control for variation in labor quality
over tine. Separating labor into production and nonproduction categories and
allowing for time-invariant plant or firm effects are the best controls for
quality variation that we could inplement with this data.
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The final source of error is pure random shocks to the | abor
demand equation that vary across plants and over tine. Recognizing
these three sources of randomvariation inplies that the error term

in the | abor denmand equation can be witten as:
(4) O = W - $<i: + G

Variation arising from tinme-invariant plant heterogeneity is
denoted by p;, variation arising from neasurenent error in output
results in the term- $x<,, where $,is the coefficient on output
in the demand equation, and g;; represents idiosyncratic shocks to
| abor demand. Each of the three error conponents is assunmed to be
a zero nmean, constant variance, random variable that is
uncorrelated with the other error conponents. The error conponents
arising from unobserved heterogeneity and neasurenent error are
allowed to be correlated with the regressors in the estimating
equat i ons.

G ven these assunptions on the stochastic structure of the
| abor demand equations, ordinary |east squares (OLS) estinates of
the paraneters will be biased. As enphasized by Giliches (1986),
Giliches and Hausman (1986), Mairesse and Dornont (1985), and
Mai resse (1990), the magnitude of the bias will vary with the type
of data used to estimate the equation. Esti mtes from cross-
sectional data or panel data in which the majority of variation is
in the cross-sectional dinension are nore likely to suffer bias
fromthe presence of . Tine series data, or data expressed as
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changes over tine, are nore likely to be affected by neasurenent
errors.

It is also possible to identify the likely direction of the
bias in the own-price and output elasticities. In the case of
unobserved efficiency differences, high values of | denote
inefficient plants so i, will be negatively correlated wi th output
and wages resulting in a negative bias in both the output and own-
price elasticities. If the unobserved plant heterogeneity arises
fromvariation in |labor quality then OLS esti mates of the wage and
output elasticities will be also be subject to a negative bias
Overall, if there is unobserved plant-1level heterogeneity, OLS wll
tend to underestinmate the output response and overestimate the own-
price response of plant-Ilevel enploynent.?®

The correl ati on between <;;, and | nQ, resul ting from nmeasur enent
error biases OLS output elasticities toward zero (Giliches, 1986).
Qut put nmeasurenent error can also bias the estimtes of own-price

elasticities. @iliches (1986, p. 1479) shows that the bias in the

¥ Many theoretical nodels predict an inverse relationship between a
producer's efficiency and output |evel. See Jovanovic (1982) for a conpetitive
nodel that produces this correlation. The inverse relationship between plant
size and wages is a very robust enpirical regularity, see Brown and Medoff
(1989).

® 1f u represents differences in capital service prices then the direction
of bias in the wage and output coefficients will depend upon whether capital and
| abor are substitutes or conplements. |If they are substitutes (conplenents),
plants with higher capital prices will use nore (less) labor. Capital service
prices will tend to be negatively correlated with plant output and wages and this
will result in a negative (positive) bias in the output and own-price
elasticities. |If capital is a conplenent with skilled | abor but a substitute for
unskilled | abor, then the elasticities in the two | abor demand equations woul d
be biased in opposite directions.
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coefficient for the error-ridden variable is transmtted to other
coefficients with the opposite sign, if the variable not subject to
measurenent error is positively correlated with the observed,
error-ridden vari abl e. Because wages and output are positively
correlated in our data, the own-price elasticities will be biased
toward zero with the nmagnitude of the bias increasing as the
correlation between output and wages rises. Overal |, output
measurement errors wll result in OLS coefficients that
underesti mate the output and wage responsi veness of enpl oynent.
The basic econonetric problemis to correct for the possible
correlation between InQ, and the errors <, and ;. To renove the
pl ant-specific error y, we utilize two forns of data differencing.
The first is the difference between the two years 1981 and 1975,
which we refer to as the "long time difference". |In this case the
dependent variable is the change in the plant's enpl oynent or hours
between the two years and the regressors are the changes in the
| ogarithns of the average wage of production and nonproduction
wor kers, the price of electricity, and output. The second form of
differencing relies on the nultiple observations for plants owned
by the sanme firmand expresses each plant's data as deviations from
firm neans. This type of differencing renoves any plant
characteristics that are common to all plants owned by the firm
This could include, for exanple, capital prices or firmlevel
admni strative inputs. Wile this type of differencing renoves al
firmlevel factors it preserves the within-firm variation across
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plants. If the unobserved plant heterogeneity arises because of
factors that are common to all plants owned by the firm then this
formof differencing renoves the source of output bias. W refer
tothis as the "firmdifference" estimator.

Wil e both difference estimators correct sinultaneity problens
arising from permanent unobserved plant or firmlevel factors,
Giliches (1986) and Giliches and Hausman (1986) denonstrate they
can exaggerate the bias due to neasurenent error by reducing the
amount of systematic variation in the explanatory variables and

thus reducing the ratio of signal to noise in the data. They al so

show that the bias wll generally dimnish as longer tine
differences are used. |In this case the use of tinme differences,
even when they are taken over six year periods, is likely to

destroy much of the systematic or permanent differences in plant
size and, thus, it is likely that the dowward bias in the output
elasticities resulting fromoutput neasurenent error will be nore
severe than when the data are expressed in | evels.

Expressing the data as differences from firm neans is also
likely to exaggerate the bias due to neasurenment error but it
shoul d not be as severe. Firmdifferencing retains nmuch nore of

the cross-sectional variation in the plant data and thus does not
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have as severe an inpact on the systematic variation in the data as
time differencing.

In order to deal with neasurenent error problenms in the
di fferenced data we use the instrunental variables (1V) estimator.
W require an instrunent that is correlated with the planned out put
of the plant but uncorrelated wth the random fluctuations to
out put and the plant's begi nni ng-of -year capital stock neets these
requirenments. In the case of the tinme-differenced data, the
instrunents are a fourth-order polynom al in the plants' equi pnent
capital stock and structures capital stock for both 1975 and 1981.
For the firmdifferenced data, the fourth-order polynomal in the
two capital stocks for the sane year is used as an instrunent.?

In summary, the |abor demand equation (1) is estimated
separately for production hours, production workers, and
nonpr oducti on workers. Three estimati on nethods are used, each of
whi ch treats unobserved pl ant heterogeneity and neasurenent error
in output differently. W first estimte the |abor denmand
equations wth ordinary |east squares using the cross-sectiona
data and ignoring the potential bi ases from unobserved
het erogeneity and neasurenent error. The O.LS estimates wll be

denoted $. Second, long tinme differences (denoted as §TQ and firm

% The wage elasticities are also likely to be biased toward zero but the
magni t ude of the bias now depends on the correlation between the difference in
output (either over tine or within firns) and the difference in wages and it is
not clear how substantial this will be.

 In regressions that pool plants across industries, dunmmy variables for
the four-digit SIC industry are also included as instrunments.
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di fferences ($H9 are used to control for unobserved heterogeneity,
but at the cost of |arger neasurenent error bias. Finally, to
correct for both problens, instrunmental variables estimators are
constructed for the tinme-difference data (éTQ and firmdifference

dat a (éFQ.

\Y/ Enpirical Estimates of the Long-Run Dermand for Labor

In this section we focus primarily on the estimates of the
out put and own-wage elasticities. A conplete set of paraneter
estimates for equation (1) are reported in the appendi x tables Al-
A3. Separate demand equations were al so estimated for each three-
digit industry but only the output and wage elasticities are

di scussed in this paper.?®

A. Long-Run Qutput Elasticities

The output elasticity estinates from the pool ed regressions
are reported in Table 2. The first colum reports OLS estinates
fromthe cross-sections in 1975 and 1981. The second col um reports
estimates based on the difference in the plant's [abor input
bet ween 1975 and 1981. The third columm reports estinmates using

the within-firmvariation in each of the two cross sections. The

8 Separate demand equations were not estinmated at the four-digit |evel
because of the |arge nunber of industries and the relatively small sanple sizes
that would result in many cases. Separate results at the three-digit industry
| evel are nore than sufficient to identify whether the effects of unobserved
het erogenei ty and measurenent errors are common across the nmanufacturing sector.
A listing of the coefficient estinates at the three-digit level is available from
t he aut hors.
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fourth and fifth colums report IV estinmates using the tine-

differenced and firmdifferenced data, respectively.

Production Hours: In order to sinplify the presentation of results
and illustrate the problens created by heterogeneity and
measurenent errors we focus first, and in some detail, on the
estimates of the output elasticities for production hours, reported
in the top part of Table 1. In later subsections we discuss how
the estimates for production and nonproducti on workers differ from
these and then turn to discussion of the own-wage elasticities.
The OLS estinmates of the output elasticity for production
hours are .804 and .775 in the two cross-sections. dven the |arge
sanpl e sizes, 41,576 plants in 1975 and 30,176 plants in 1981, it
is not surprising that the standard errors on the estinates are
very small. These estimates are very simlar to other estinates of
the | abor-output elasticity reported in the literature and indicate
increasing returns to scale in production. Based on a survey of
| abor demand studies that control for factor price variation,
Hanmer mesh (1993, p. 294) reports a nean estimate of the |ong-run
enpl oyment -out put elasticity of .83.% \Wile the capital/l abor

ratio increases with plant size, and thus the output elasticity for

 From the results of 101 studies using a wide variety of data and
enpirical nmodels Hanermesh (1993, Table 7.9) finds that the mean estimte of
returns to scale fromlabor demand equations is .792. Wen |limted to the few
studies using mcro data he finds a nean estimate of .62. Hamernmesh notes that
errors in measuring output at the plant level nmay inpart a negative bias to
esti mates based on nicro data.
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| abor could be | ess than one, these nagnitudes appear to be quite
| ow and suggest that a downward bias from unobserved heterogeneity
and/ or neasurenent error in output rmay be present.

If the bias from unobserved heterogeneity is inportant then
differencing the data should result in coefficients that are closer
to one. Instead, the enpirical results reported in the second and
third colums of Table 1 indicate that differencing always results
in a decline in the output coefficients. In the case of tine
differencing the output elasticity falls to .366, and for firm
differencing the coefficient falls to either .713 or .775 dependi ng
on the year. The likely explanation is that differencing the data
increases the bias from neasurement error in output.?® I n
particular, the decline in coefficients depends on the nethod of
differencing and is nuch nore extrenme for time differencing than
firm differencing. This is consistent with the fact that firm
di fferencing preserves nuch nore of the original output variation
in the data and thus results in a snmaller increase in the noise-to-
signal ratio and | ess downward bias than tinme differencing.

|V estimates to correct for the output neasurenent error are
reported in colums 4 and 5 of Table 2. As expected, instrunenting

with the plant's capital stock results in an increase in the out put

20 This problemis comon in estimtes of production nodels using mcro

data. Giliches and Mairesse (1984), Mairesse and Dornont (1985), Giliches and
Hausman (1986), Tybout and Westbrook (1992a, forthconing), and Roberts and
Skoufias (1992) all devel op production nodels with plant-specific heterogeneity
and use first-difference or within estimators to correct for it. Al report
substantial declines in coefficients when they utilize difference estinmators and
point to increased nmeasurenent error bias as the source of the decline.
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elasticities, with the final estimtes being substantially cl oser
to one than any of the earlier estimates.? In the case of tine
differences, the output elasticity is .934 while with firm
differences the estimates are .923 and .916 in the two years.?
These estinmates are not very sensitive to the time period or nethod
of differencing, which suggests that the two procedures work well
to correct the biases from heterogeneity and neasurenent error
The magnitude of the estimtes suggest that in the long run
producti on worker hours increase |ess than proportionately with
output, but the estimated values of .916 to .934 are substantially
closer to one than the majority of estimates in the literature.?
While the estimates in Table 2 clearly illustrate the
potential biases in estimating |long-run |abor demand functions
usi ng establishnment data, they do not allow industry variation in
the output elasticity or the magnitude of the biases. To assess
whet her the patterns reported in Table 1 are conmon across the

manufacturing industries we estimte separate |abor denmand

2 As expected, there is an increase in the standard errors of the
coefficients when the IV estimators are_ used. The standard error for $.5 is
approximately four tines larger than for @TD. Similarly the standard errors for
$., are double the values for $g.

22 The IV/time difference estimate of .934 does not result because only
| arger plants, that are nore likely to produce under constant returns to scal e,
remain in the tine-differenced data set. Cross-section estimtes of the output
elasticity, using only the sanple of surviving plants, are .765 and .727 in the
two years. It is the instrunenting to renopve output neasurenent errors that is
responsi ble for the increase in the output elasticity.

% \When they use capital as an instrument for output, Giliches and Hausman

(1986) get output elasticity estimates very close to one in a |abor demand
equati on.
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functions for each three-digit industry. Overall, there are
sufficient plant-level observations to analyze 105 three-digit
i ndustries in 1975 and 90 industries in 1981.

Summary results for the output elasticity fromthe separate
i ndustry regressions are presented in Table 3. The first two
colums report the nedian and interquartile range (IQR) of the
output elasticities fromthe industry-level OLS regressions. The
third and fourth colums report the proportion of industries that
have an increase in the estimated elasticity when differencing is
used. The fifth and sixth colums examne the effect of
i nstrunmenting output by reporting the proportion of industries in
which the IV estimator is larger than the difference estimtor
Finally, the last two colums quantify the effect of these
corrections on the distribution of i ndustry-| evel out put
elasticities by reporting the nedian and IQR for the IV/firm
di fference estimates.

Focusing on the QLS estimates, the nedian val ues of the output
el asticity for production hours are .822 and .803 which are very
simlar to the pooled results in Table 2. The interquartile range
equals .111 and .140 in the two years, indicating a fairly narrow
range of estimates across industries and that nost industries are
characterized by long-run increasing returns to scale. Regardless
of the magnitude of the industry's output coefficient, the
direction of change in the coefficient as a result of differencing
the data or instrunmenting output is very simlar to the patterns in
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Table 2. Wth tinme differencing only one three-digit industry has
an increase in the output elasticity, and with firmdifferencing an
increase is observed in only 20.0 to 29.5 percent of the
i ndustri es. Differencing, particularly over tine, reduces
estimated output elasticities in nost industries. Simlarly, the
use of instrunental variables results in an increase in the output
elasticity in 86.7 to 93.3 percent of the industries, depending on
the time period and differencing used. Overall, the patterns
observed in Table 2 hold wdely across the nmanufacturing
i ndustri es.

The final two colums of Table 3 report summary statistics of
the output elasticities across industries for the [IV/firm
difference estimator. The nedian estimates are .918 and .930 in
the two years, with an QR of .120 and .148. Conpared with the
distribution of OLS estimates in colums 1 and 2, this distribution
is shifted toward one, with an absolute increase in the nedian of

approximately .1, and has a slightly larger dispersion.?

Production Wrkers: The estimates of output elasticities for
production workers reported in Table 2 are virtually identical to
the estimates for production hours. OLS estimates are .798 and

. 766. The estimate is substantially lower for tinme differences

2 G ven the higher standard errors associated with IV estimators, it is not
surprising to see a larger IQR on the distribution of |V estinmates. The
difference in the QR between the OLS and |V estinmtes, however, appears quite
smal | .
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(.358) and slightly lower for firmdifferences (.771 and .705). 1V
estimates vary from.904 to .929 depending on the year and net hod
of differencing. As with the production hours, the O.S estinmates
appear to be downward biased due to unobserved heterogeneity and
out put neasurenent error. Finally, the distribution of estimates
across industries, which is sunmarized in Table 3, is virtually
identical to that reported for production hours.

The strong simlarities between the estimates for production
hours and production workers suggest that, across plants, there is
little systematic variation in the annual hours per worker. Wile
t he hours-worker distinction has played an inportant role in
explaining short-run |abor demands, the mcro estimates here
suggest that the distinction is uninportant for studying the effect
of long-term differences in manufacturing output on enploynent.
Alternatively, the fact that the responses of hours and workers to
output differences are so simlar suggests that the estimtes do
summari ze the long-run enploynent elasticities, rather than
reflecting cycli cal vari ation in t he out put - enpl oynent

rel ati onship.

Nonpr oduction Workers: The pooled estimates for nonproduction
workers reported in Table 2 follow an identical pattern to that for
producti on workers. The only difference is that the final 1V
estimates, using both tinme and firm differencing, are slightly
closer to one. The final IV estimates are .953 and .983 for firm
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differencing and .997 for tine differencing. The latter estimate
is not significantly different than one, and inplies that the
enpl oynent of nonproduction workers varies proportionately to
output in the long run. Again, the sane pattern is evidenced by
t he separate industry estinmates. The only differences from the
distribution for production workers is a slightly higher degree of
di spersion across industries, the IQRis .145 and .165 in the two
years, and firm differencing has very little effect on the Q.S
esti mat es. In the latter case, 46.7 and 47.8 percent of the
industries have firmdifference estinmates that are greater than the
CLS estimates, and this is consistent with no systematic bias in
the coefficients.®

Overall, there are several robust findings concerning the
output elasticities. First, the OLS estimates for all three
definitions of |labor are in the .77 to .80 range and appear to be
downward biased due to unobserved heterogeneity and output
measur enment error. Second, differencing the data to renove the

het erogeneity exaggerates the neasurenent error in output. The

% There are several possible explanations for the fact that the OLS and
firmdifferences are so sinilar. One is that unobserved heterogeneity does not
play any role in the demand for nonproduction labor. A second is that it does
play a role, but that it is plant, and not firm specific. A third is that it
is present but the bias that is removed by firm differencing is just

counterbal anced by the increase in nmeasurenent error bias. The second
expl anation is inconsistent with the fact that IV estimates using tine and firm
differences are very simlar. The latter should still be biased downward if the

firmdifferences are ineffective in controlling for the unobserved heterogeneity.
The third expl anation al so appears unreasonabl e because it requires that the two
bi ases of fset each other across alnost all industries.
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problemis particularly inportant for the long-tinme differences.
Time differencing the data to renove the plant | evel heterogeneity
reduces the estimtes considerably, to the range of .29 to .37

while firmdifferencing reduces themslightly, to the range of .71
to .79. Third, differencing the data and using the plant's capital
stock as an instrunment for output results in estimates of the
output elasticities that are reasonable and not very sensitive to
the time period or nethod of differencing. The estimates fall in
the range of .90 to .93 for production workers and production hours

and .95 to 1.0 for nonproduction workers.

B. Long-Run Wage El asticities Production Hours: Estimates of the
own-wage el asticity based on pooling plants across all industries
are reported in Table 4. The COLS estimtes for production worker
hours are -.621 in 1975 and -.609 in 1981. Not surprisingly, given
the sanple sizes, the estimates are highly significant.

As descri bed above, these elasticities nmay be biased away from
zero as a result of unobserved heterogeneity. Consistent with this,
both nmethods of differencing result in less elastic wage
coefficients. The long-difference estimate is -.499 and the firm
difference estimates for 1975 and 1981 are -.508 and -.485,
respectively. Interestingly, in this case, the nethod of
differencing has little effect on the final estimates. Since tine
differencing renmoves both plant and firm effects while firm
differencing only renoves the latter, the simlarity of the
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estimates suggests that the inportant source of interplant
heterogeneity arises at the firmlevel. This is consistent with
firmlevel quality differences in |abor input.

It is possible that estinmates based on differenced data may
still be too large as a result of output neasurenent error.
However, when we use the |V estimator there are no large or
systematic changes in the wage elasticities. For both the |ong
time differences and the firmdifferences in 1975, the estimates
fall slightly, to -.486 and -.461 respectively. 1In contrast, the
firmdifference estimate for 1981 rises to -.567. Overall, the
final 1V estimates of the own-price elasticity are noisier than the
CLS estimates, varying nore with the year or estinmation nethod.

These patterns are also reinforced by exam ning the estinmates
for the three-digit industries summarized in Table 5. The first
colum indicates that the nmedian OLS estimtes across industries
for 1975 and 1981 are virtually identical to the OLS estimates on
t he pool ed data summarized in Table 4. The I1QR reported in colum
2 indicates that there is substantial dispersion in the estimates
across industries. It equals .362 and .349 in 1975 and 1981,
respectively. This indicates a |larger degree of inter-industry
het erogeneity in the wage el asticities than was found in the output
el asticities.

As shown in the third and fourth colum of Table 5,
differencing the data tends to result in less elastic wage
coefficients. The magnitude of the differenced estimate is greater
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(in absolute value) than the OLS estimate in 21.9 to 40.0 percent
of the industries. This shift toward |ess elastic demands was al so
seen in the pooled estimates in Table 4. When instrunents are
applied to the differenced data the direction of change in the
coefficients is not systematic. The IV estinmates are farther from
zero for between 50.0 and 56.2 percent of the industries, depending
on the year and differencing nethod. This is the sane pattern that
woul d be expected if there was no neasurenent error bias in the
di fferenced coefficients.

The overal |l conclusion fromexam ning the own-wage elasticity
for production workers is that heterogeneity bias appears to be
present, and it results in estimates that are too elastic, but that
measurenent error in output seens to have little additional effect

on the estinnates.

Producti on Wrkers: The patterns in the production worker wage
elasticities across different estimators are very simlar to the
correspondi ng patterns for production hours. Differencing tends to
make the estimates nore inelastic and instrunmenting has no
systematic effect. If there is any systematic difference in the
wage responsiveness of the two categories of production labor it is
that the demand for production hours is nore elastic than the

demand for workers when the tine difference estimtors are used.
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Nonproduction  \Wrkers: The own-price elasticities for
nonproduction workers are reported in the bottom panel of Table 4.
The OLS estimates are -.481 and -.546 in the two cross-sections.
Unli ke what we observe for production workers, differencing the
data has little systematic effect. This suggests that | abor
quality differentials nay not be very inportant for nonproduction
workers. This is supported by the absence of a strong pattern in
the change in the industry-level wage elasticities. |In Table 5,
approximately 40 percent of the industries have difference
estimates that are nore elastic than the OLS estimates while the
remaining 60 percent are less elastic. Finally instrunental
variable estimators tend to be less elastic than the difference
estimates, but the change in the nagnitude of the wage elasticities
is small. The final IV estimates on the pooled data vary from -
.378 to -.488 depending on the nethod used for differencing.
Overall, five broad conclusions can be drawn regarding the
estimation of own-price elasticities from establishnment data.
First, there 1is strong evidence of plant-Ilevel enploynent
adjustnment for both production and nonproduction workers in
response to wage differences. For production hours the nedian
value of the wage elasticity across industries, correcting for
heterogeneity and neasurenent error biases, is -.54 on average
across years. The sane values for production and nonproduction
workers are -.42 and -.43, respectively. This is very close to
Hamermesh's (1993, p. 103) finding that the nean estimate of the
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demand el asticity across a wide range of studies is -.45. Second,
the own-wage elasticity varies significantly across industries. In
particular, the dispersion in estimates is nmuch |arger than the
di spersion of the estimated output elasticities. At the three-
digit industry level the interquartile range for the wage
elasticity is approximately .4 for production workers and hours and
.3 for nonproduction workers. The range of estinmates suggests that
the inpact of wage changes on enploynent will vary w dely across
industries. Third, OLS estimates of the |long-run wage elasticity
for production workers and production hours overestimate the wage
response by approximtely 15-20 percent. This bias is consistent
with a failure of the OLS estimator to control for tine-invariant
quality differences in production workers (or other sources of
efficiency differences) anong plants and firns. Fourth,
differencing the data to control for unobserved heterogeneity does
not appear to exaggerate biases due to neasurenent error in output.
G ven the second-order nature of this bias this is not surprising.
Finally, there does not appear to be any substantial, systematic
bias in the wage el asticities for nonproduction workers. This could
i ndi cate that unobserved | abor quality differential among plants is

smal |

C. Oher Determ nants of Long-Run Labor Denand
In addition to own wages and out put the | abor demand equati ons
al so control for the wage of the other type of |abor, plant age,
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ownership status, and electricity prices. In this section we
briefly summarize the findings for the these variables in the
regressions that pool plants across industries. The conplete set
of paraneter estimates is reported in Appendi x tables Al-A3. The
estimated cross-wage elasticities do not appear to be very large
nor to be very robust. The OLS estimates are negative in 5 of the
6 regressions inplying that production workers (hours) and
nonproducti on workers are conpl enents. However, all but one of the
|V estimates on the differenced data are positive inplying that the
two types of |abor are substitutes. In virtually all cases the
cross-wage elasticities are snmall, less than .07 in absolute val ue,
and are often not significantly different than zero. Probably the
strongest conclusion that can be drawn fromthese results is that
there is no evidence of large cross-price effects in the plant
dat a.

In contrast, there is evidence of strong age effects in the
demand for all three types of |abor. The age coefficients are
| arge, increase nonotonically as you nove toward ol der age groups,
and are simlar across estimation nethods. For exanple, the O.S
estimates in the 1981 cross-section indicate that, hol ding out put
fixed, plants that opened prior to 1950 use 24 percent nore
production hours than plants that opened after 1975. The age
coefficients indicate that older plants have substantially | ower

| evel s of |abor productivity than younger plants and that the
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decline is nonotonic as plant age increases. ?® The decline al so
occurs at roughly the sanme rate for both production and
nonpr oduct i on wor kers.

The coefficient on the plant ownership type indicates that
pl ants owned by nultiplant firns have nore |abor input, a common
finding in the US. census data. The final coefficient sumarizes
the substitution between |abor and electricity. The negative
coefficient for the price of electricity in the production worker
and hours equations indicates that electricity and production | abor
are conpl enents. The positive cross-price effect for nonproduction
workers indicates that they are a substitute for electricity. The
signs of the cross-elasticities are not sensitive to the year or
estimation nethod. Wile the magnitude of the elasticities vary
with the estimtion nethod and year, they are generally small. The
finding that electricity and production | abor are conpl enents runs
counter to the usual enpirical finding that |abor and broad-based

energy inputs are p-substitutes (Hamernesh 1993, p.105).

VI1. Concl usion

% This could reflect a different vintage of capital equipnment in plants
of different ages, with newer equipment requiring less labor to operate. An
alternative explanation is that, since older plants tend to produce nore out put,
the age coefficients pick up a nonlinearity in the enploynent-output
rel ationship, and their presence nmay be responsible for the |ow output
coefficient. To exanine this we reestimated the three | abor demands del eti ng al
the age coefficients and there was virtually no change in the estinmated out put
elasticities. The OLS elasticities never increased by nmore than .025 for al
three | abor type in both sanple years, suggesting that the age and output effects
are distinct.
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In his review of the | abor demand literature, Hanernesh (1993)
concl udes that denmand estinmates for heterogeneous groups of |abor,
based on mcrodata for producers, are alnbost nonexistent. In this
paper we have utilized two | arge, matched, cross-section data sets
of U.S. manufacturing establishnments to estimate |ong-run | abor
demand curves. W focus on the type of neasurenent, specification,
and econonetric problens that are frequently encountered in
est abl i shnent data sets and identify several problens that occur
wi th high frequency.

Unobserved plant or firmlevel factors are inportant and, when
i gnored, introduce systematic biases in | abor demand coefficients.
They introduce a negative bias in OLS estimtes of the wage and
output elasticities so that OLS overestimates the | ong-run response
of labor to wage changes and underesti mates the output response.
Differencing the data to renove unobserved heterogeneity appears to
renove the bias from wage elasticities but greatly exaggerates
measurenent error biases in the output elasticities. Capi t al
stocks appear to be reasonable instrunental variables for output
and their use renoves, or at |east reduces, neasurenent error
biases in the output elasticities, at the cost of reducing the
precision of the estimted wage el asticities.

The final estinmates of the output elasticity of |abor demand
are nmuch closer to constant returns to scale than are typically
found in | abor demand studi es using either aggregated tinme series
data or mcro data but ignoring neasurenent error problens. The
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results indicate slight increasing returns for production workers
and production hours, with a pooled data estinmate of .92. A pool ed
estimate of the output elasticity for nonproduction workers is .98.
The across-industry variation at the three-digit industry level is
modest with an interquartile range of approximately .14 for al

three type of |abor input. The pooled data estimates of the own-
price elasticity average -.50 for production hours, -.41 for
production workers, and -.44 for nonproduction workers but vary
substantially across industries as indicated by an interquartile

range of approximtely .40.
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Table 2

Qut put Elasticities of Labor Denmand
(standard errors in parentheses)

C%? ~ Tine ~ Firm 1 VI Time IV/IFirm
Di fference Di fference Di fference Di fference
TD FD $ D $ FD

Producti on Hours

1975 . 804 . 775 . 923
(.002) (.003) (.006)

1981 . 775 . 366 . 713 . 934 . 916
(.003) (.005) (.004) (.019) (.008)

Pr oduction

Wor ker s

1975 . 798 771 . 917
(.002) (.003) (.006)

1981 . 766 . 358 . 705 . 929 . 904
(.003) (.004) (.004) (.033) (.008)

Nonpr oduct i on

Wor ker s

1975 . 800 .778 . 953
(.003) (.004) (.007)

1981 . 776 . 289 . 751 . 997 . 983

(.004) (. 006) (.004) (.037) (. 009)



Table 3

I ndustry-Level CQutput Elasticities

as (@) Ef fect of Ef fect of IV: I'V/IFirm

Di fferenci ng: Proportion of Di fference

Proportion of Industries with ($r0)

I ndustries with

Medi an | R $TD > § $FD > § éTD > $TD éFD > $FD Medi an | R

Producti on Hours
1975 . 822 111 . 010 . 295 -- . 914 . 918 . 120
1981 . 803 . 140 . 011 . 200 . 867 . 933 . 930 . 148
Pr oduction
Wor ker s
1975 . 811 . 120 . 010 . 295 -- . 895 . 917 . 125
1981 . 793 . 142 . 011 . 233 . 878 . 922 . 930 . 138
Nonpr oducti on
Wor ker s
1975 . 818 . 145 . 010 . 467 -- . 933 . 944 . 137
1981 . 806 . 165 . 011 . 478 . 944 . 944 1.010 . 154



Table 4

Own-\WAge El asticities of Labor Denmand
(standard errors in parentheses)

C%? - Tine ~ Firm 1 VI Time IV/IFirm
Di fference Di fference Di fference Di fference
TD FD $ D $ FD

Producti on Hours

1975 -.621 -.508 -. 461
(.011) (.015) (.017)

1981 -. 609 -. 499 -.485 -. 486 -. 567
(.011) (.016) (.018) (.017) (.019)

Producti on Workers

1975 -. 607 -.522 -. 440
(.010) (.013) (.015)

1981 -.551 -. 366 -. 422 -.318 -. 467
(.011) (.014) (.018) (.016) (.018)

Nonpr oduct i on

Wor ker s

1975 -.481 -. 478 -.378
(.009) (.013) (.014)

1981 -.546 -.512 -. 497 -.488 -. 463

(.010) (.010) (.013) (.010) (.017)



Table 5

I ndustry-Level Own-Wage El asticities

aLs (ﬁ) Ef fect of Differencing: Ef fect of IV: IV/IFirm
Proportionmfzhlndustries Proportion of Industries with Di fference ($q)

Medi an | QR *@TJ > «§+ *@FJ > «§+ *éTJ > *@TJ *épg > *@FJ Medi an I QR
Producti on Hours
1975 -.624 . 362 . 324 . 219 -- . 562 -.485 . 402
1981 -.611 . 349 . 400 . 311 . 552 . 533 -. 600 . 400
Pr oduction
Wor ker s
1975 -.604 . 243 .171 . 314 -- . 410 -. 407 . 469
1981 -.553 . 300 .211 . 256 . 713 . 522 -. 440 . 393
Nonpr oducti on
Wor ker s
1975 -.473 .221 . 410 . 333 -- . 238 -.387 . 296
1981 -.533 . 198 . 400 .411 . 678 . 478 -. 472 . 348



Expl anatory Vari abl e

Labor Demand Equation -

Table A-1

Pr oducti on Hours

(standard errors in parentheses)

OLS Cross-Section

Long Difference

Firm Di fference 1981

Firm Di fference 1975

1981- 1975
1981 1975 oS |V oS Y oS Y
Producti on Worker \WAge -.609 -.621 -.499 -.486 -.485 -.567 -.508 -.461
(.011) (.011) (.016) (.017) (.018) (.019) (.015) (.017)
Non Producti on Worker Wage -.042 -.035 . 003 . 031 -.027 . 014 -.034 . 069
(.008) (.007) (.008) (.009) (.013) (.014) (.010) (.011)
Cut put . 775 . 804 . 366 . 934 . 713 . 916 . 775 . 923
(.003) (.002) (.005) (.019) (.004) (.008) (.003) (.006)
Agsofoup 1 (start date < . 242 . 281 . 284 . 394 . 315 . 501
(.011) (.010) (.015) (.016) (.011) (.013)
Ags1G58yp 2 (start date . 184 . 196 . 216 . 317 . 226 . 403
(.015) (.014) (.020) (.021) (.016) (.019)
AgseCeoyp 3 (start date . 142 . 155 . 155 . 291 . 162 . 356
(.013) (.012) (.018) (.019) (.014) (.017)
Age1Cs8Yp 4 (start date 117 . 093 . 143 . 256 . 106 277
(.012) (.011) (.017) (.018) (.013) (.015)
AgeeGrEYp S5 (start date . 084 . 048 . 103 .173 . 054 . 149
(.011) (.010) (.016) (.016) (.012) (.014)




Age1G78yp 6 (start date . 040 . 046 . 076
(.011) (.016) (.017)

Price Electricity -.161 -.081 -.027 -.053 -.134 -.073 -.102 -. 109
(.010) (.007) (.009) (.010) (.014) (.014) (.009) (.010)

Owner shi p Dumry . 087 . 072
(.008) (.008)

Sanpl e Size 30, 176 41,576 16, 893 16, 893 19, 269 19, 269 32,492 32,492

Al'l regressions include dumy variables for four-digit SIC industry. 1V regressions use four-digit industry dumm es and

a fourth-order polynomal in the plant's equipnment capital stock and structures capital stock as instruments.
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Table A-2

Labor Demand Equation - Production Workers
(standard errors in parentheses)

Expl anat ory Vari abl e OLS Cross-Section Long Difference FirmDifference 1981 | FirmDi fference 1975
1981- 1975
1981 1975 OoLS Y oLS IV oS IV
Producti on Wor ker \WAge -.551 -. 607 -.366 -.318 -.422 -. 467 -.522 -. 440
(.011) (.010) (.014) (.016) (.018) (.018) (.013) (.015)
Non Producti on Worker Wage -. 047 -.038 . 014 . 042 -.024 . 013 -.030 . 070
(.008) (.007) (.008) (.009) (.013) (.014) (.010) (.011)
Qut put . 766 . 798 . 358 . 929 . 705 . 904 L771 . 917
(.003) (.002) (.004) (.033) (.004) (.008) (.003) (.006)
AgsofFoup 1 (start date < . 241 . 282 . 285 . 387 . 319 . 501
(.011) (.009) (.015) (.016) (.016) (.013)
5931Cﬁggg)2 (start date . 183 . 196 . 217 . 314 . 229 . 402
(.015) (.014) (.020) (.021) (.016) (.018)
Ags5Gi98p) 3 (start date . 141 . 156 . 157 . 289 . 167 . 358
(.013) (.012) (.018) (.019) (.014) (.016)
@gg1Cﬁggg)4 (start date . 112 . 091 . 139 . 247 . 108 . 276
(.012) (.011) (.017) (.018) (.013) (.015)
AgeeGiowp) S (start date . 080 . 049 . 102 . 170 . 057 . 151
(.011) (.010) (.016) (.016) (.012) (.014)




Age1GigyR) 6 (start date . 038 . 044 . 072
(.012) (.016) (.017)

Price Electricity -. 167 -.084 -.028 -.054 -. 141 -.079 -. 105 -. 112
(.010) (.007) (.009) (.010) (.014) (.014) (.009) (.010)

Owner shi p Dumry . 089 . 069
(.008) (.008)

Sanpl e Size 30, 176 41,576 16, 893 16, 893 19, 269 19, 269 32,492 32,492

Al'l regressions include dumy variables for four-digit SIC industry. 1V regressions use four-digit industry dumm es and

a fourth-order polynomal in the plant's equipnment capital stock and structures capital stock as instruments.
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Expl anatory Vari abl e

Labor Demand Equation -

Table A-3

Nonpr oducti on Workers

(standard errors in parentheses)

OLS Cross-Section

Long Difference

Firm Di fference 1981

Firm Di fference 1975

1981- 1975
1981 1975 oS |V oS Y oS Y
Producti on Worker \WAge . 006 -.063 -. 117 -.086 . 120 . 056 . 003 . 072
(.014) (.013) (.019) (.019) (.018) (.023) (.018) (.019)
Non Producti on Worker Wage -. 546 -.481 -.512 -.488 -. 497 -.463 -.478 -.378
(.010) (.009) (.010) (.010) (.013) (.017) (.013) (.014)
Cut put . 776 . 800 . 289 . 997 . 751 . 983 . 788 . 953
(.004) (.003) (.006) (.037) (.004) (.009) (.004) (.007)
Agsofoup 1 (start date < . 278 . 261 . 318 . 418 . 288 . 465
(.014) (.012) (.015) (.020) (.015) (.016)
Ags1G58yp 2 (start date . 170 171 . 192 . 287 . 184 . 352
(.019) (.018) (.020) (.026) (.021) (.023)
A9s6G198D) 3 (start date . 142 . 133 . 174 . 303 . 131 . 320
(.017) (.016) (.018) (.024) (.019) (.020)
Age1Gi9EB) 4 (start date . 081 . 080 . 104 . 214 . 067 . 235
(.016) (.015) (.017) (.022) (.017) (.019)
AgeeGiowp) S (start date . 055 . 009 . 066 . 132 . 001 . 093
(.015) (.014) (.016) (.021) (.016) (.017)




Age1GigyR) 6 (start date . 012 . 019 . 045
(.015) (.016) (.021)

Price Electricity . 042 . 062 . 019 . 000 . 056 . 130 . 044 . 044
(.013) (.009) (.011) (.012) (.014) (.018) (.012) (.013)

Owner shi p Dumry . 057 -.038
(.011) (.010)

Sanpl e Size 30, 176 41,576 16, 893 16, 893 19, 269 19, 269 32,492 32,492

Al'l regressions include dumy variables for four-digit SIC industry. 1V regressions use four-digit industry dumm es and

a fourth-order polynomal in the plant's equipnment capital stock and structures capital stock as instruments.
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Sanpl e Summary Statistics of Plant Enpl oynent:

Table 1

Mean of | og enpl oynent

St andard Devi ati on of

Mean and Standard Devi ati on

| og enpl oynent

Year Producti on Producti on Nonpr oduct i on Producti on Producti on Nonpr oduct i on
Hour s Wor ker s Wor ker s Hour s Wor ker s Wor ker s
(t housands) (t housands)
Cross Section Data Sets
1975 4.97 4.31 3.10 . 36 1.36 1.44
1981 5.22 4.55 3.42 .32 1.31 1.43
Time Difference Data Set
1975 5. 80 5.13 3.90 .13 1.13 1.32
1981 5. 86 5.19 4.02 .11 1.11 1.30
FirmDifference Data Sets
1975 5.12 4.45 3.24 .37 1.37 1.46
1981 5.64 4.97 3.82 . 26 1.26 1.42



